ABSTRACT In constructing the theory of regular, nonpolar, binary solutions, the partial molal energy of mixing has been expressed by the square of difference between "solubility parameters," usually evaluated by the molal energy of vaporization per cubic centimeter, (AEV/ V)1/2 = 6, at approximately 250C. We have found, however, that liquids whose molecules contain methyl groups do not conform to these parameters; to account for their solvent power for iodine requires parameters increased in proportion to the number of methyl groups per molecule. The anomaly may be attributed to the absence of outer nonbonded electrons able to exert London attractive force between neighboring molecules. Parameters derived from solubility for iodine in both methyl-containing liquids and fluorochemicals greatly improve the predictive power of the theory of regular solutions.
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in which a is activity referred to the pure liquid, x2 is mole fraction, V2 is molal liquid volume, 0l is the molal volume fraction of the other component. Fig. 1 (from page 148 of ref. 1 ) is a plot of the solubility of iodine in different groups of solvents at 250 C. The activity of solid iodine at this temperature is 0.258, its under-cooled liquid volume is 59 cm3, and 62 = 14.1. Reverse subscripts for component 1.
The points on line A are for the solubility of iodine at 250C in CS2, CHC13, TiCl4, cis-decalin, trans-decalin, CC14, cyclo-C6H12, cyclO-C5Hlo, SiCl4, and CCl3CF3. The three points off the line at the top are for solutions in (C4F9)3N, C7F16, and cyclO-C6F11CF3. The three points G are for polar liquids, those on line F are for aromatics that form brown complexes with iodine; neither of these groups obeys Eq. 1, nor should they. They are treated as deviants from line A. But the points BCDE, all alkanes, and the lone point to the right, for octamethylcyclotetrasiloxane, cyclo-(SiO)4(CH3)8, all form violet solutions. This requires explanation.
In 1950 I published a paper (2) on "An irregularity in the solvent powers of paraffins." In the same year, Fisher, Benesi, and I (3) published five liquid-liquid solubility curves with perfluoroheptane and stated in a summary that, "Solubility parameter differences calculated from the experimental results were in close agreement with values predicted by solubility theory for all but the two paraffins, n-C7H16 and 2,2,4-trimethylpentane." Scott (4) in 1958 published "The anomalous behavior of fluorocarbon solutions."
In ref. 1, p. 98 and following, we wrote, "Regular solution theory is useful for semiquantitative work; for quantitative "results it is necessary to make empirical modifications. While such modifications can be made in several ways, the most direct way is to introduce corrections to the geometric mean." This is involved in (31 -62)2 = 62 + 23132 + 62. We discussed this at some length. This hypothesis was unsatisfactory because it was not predictive; it had no theoretical basis. Dymond and I (5) in 1965 published "Effect of methyl groups upon solvent power of aliphatic liquids." For this there is a theoretical explanation, which I pointed out in 1978 (6) under the title "Absence of outer nonbonding electrons in methyl groups affects solubility parameters." London (7), in 1930, explained the van der Waals attraction between nonpolar molecules as a quantum theory perturbation between electrons in outer orbitals of neighboring molecules. The electrons in methane and methyl groups are all in tight bonds; the ionization potention of methane, 13.0 eV, is extraordinarily large, and the intermolecular attractions are so small that AEv/V is too small to measure their attraction with molecules like those of iodine.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. The evidence seems to show that the solubility parameters derived from solvent power for iodine can predict with reasonable accuracy the solubility relationships of the solvents with each other.
Although the London concept of the mechanism of the attractive forces between nonpolar molecules is not yet quantitative, the solubility parameters of regular solution theory adjusted to solvent power for iodine yield predictions that are good approximations.
